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I .  BACKGROUND 


In  1960  Toupin  and  Rivlin1  published  a  paper  in  which  it  was  shown  that 
plastic  deformation,  stored  in  the  form  of  dislocations,  causes  a  volume 
change  or  equivalently  a  density  change  in  crystalline  materials.  The  calcula¬ 
tion  is  based  on  second  order  nonlinear  elasticity  and  assumes  only  that  the 
material  is  essentially  the  same  throughout  the  body  and  that  the  surface  of 
the  body  is  free  of  stress,  but  that  there  are  residual  stresses  in  the 
interior.  The  deformation  path  is  immaterial  since  comparisons  are  made  only 
between  the  perfect  crystal  lattice  and  the  final  configuration  of  dislocations. 
The  dislocations  give  rise  to  self-equilibrated  internal  stresses,  and  the 
stresses,  in  turn,  give  rise  to  stored  elastic  energy.  It  is  this  energy  which 
is  called  "the  stored  energy  of  plastic  deformation”  or  simply  "stored  energy" 
in  the  rest  of  this  note. 


The  derivations  are  made  for  arbitrary  anisotropy,  but  then  specialized 
for  cubic  materials.  The  principal  result  is  a  relation  between  volume  change 
and  stored  energy.  The  following  is  eqn.  (7.2)  from  Toupin  and  Rivlin1  with  a 
slight  rearrangement  of  terms. 


(V-VJ /V 
,  o  o 

k  /WdV  /V 
o  o 


1  R, 


+  lk 


3p 


3v 

3p 


1  R  r 


(1) 


Eqn.  (1)  states  that  the  fractional  volume  change,  divided  by  the  stored  energy 
per  unit  volume,  is  determined  by  a  certain  weighted  sum  whose  terms  depend  on 
elastic  moduli  and  pressure  derivatives  of  elastic  moduli.  The  bulk  modulus 
is  k,  and  y  and  v  are  shear  moduli.  In  terms  of  second  order  moduli,  as 
defined  by  Brugger2  and  listed  for  many  materials  in  Hearman3,  these  are  given 
as  follows . 

k  =  T  *-Cll  +  2  C12')  ’  y  =  2  *-Cll  c12')  ’  v  =  2  *-Cll  "  C12-*  ”  c44 '  ^ 

The  pressure  is  p,  and  all  moduli  and  pressure  derivatives  of  moduli  are  eval¬ 
uated  at  zero  pressure.  The  total  strain  energy  density  W  is  the  sum 
Wq  +  Wg  +  Wg  ^  where  each  term  is  quadratic  in  strain  and  depends  on  only  one 

of  the  three  constants  in  eqn.  (2). 


1i?.  A.  Toupin  and  R.  S,  Rivlin  (1960),  n Dimensional  Changes  in  Crystals  Caused 
by  Dislocations,  "  Math .  Rhys .  13  8 . 

2K.  Brugger  (1964),  rr Thermodynamic  Definition  of  Higher  Order  Elastic  Coeffici¬ 
ents,  n  Rhys .  Rev .  132,  A1611, 

3R.  F.  5.  Headman  (1979),  rrThe  Elastic  Constants  of  Crystals  and  Other  Aniso¬ 
tropic  Materials,  n  and  nThe  Third-  and  Higher-Order  Elastic  Constants , rr 
Elastic,  Riezoelectric ,  and  Re lated  Constants  of  Crystals,  Landolt-Bornstein, 
New  Series  III/ 11,  K.-H .  Hellwege  (Ed,  in  Ch,  ) ,  Springer,  New  York ,  Ch.  1 
and  2. 
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In  eqns.  (3)  e..  is  strain,  e'.  .  is  deviatoric  strain,  and  in  the  third  of 
n  ij  ij 

eqns.  (3)  the  components  of  strain  are  referred  to  the  principal  cubic  axes. 
The  numbers  IL.,  R_,  and  are  fractions  of  the  total  stored  energy,  defined 
as  follows.  U  15  b 


VVM'  S-VM'  V 


/t*. ,dV  //WdV 
S'  o  o 


(4) 


Formula  (.1)  is  very  appealing  in  that  it  relates  volume  change  directly 
to  stored  energy,  elastic  moduli,  and  pressure  derivatives  of  moduli  without 
calculation  of  the  energy  of  single  dislocations  or  dislocation  interactions, 
core  sizes  or  effective  ranges  of  dislocations,  or  total  numbers  and  lengths 
of  dislocations.  Furthermore,  review  of  the  derivation  in  Toupin  and  Rivlin1 
shows  that  the  formula  should  apply  to  polycrystalline  materials,  as  well  as 
crystals,  and  to  twins  and  stacking  faults,  as  well  as  dislocations,  since  in 
each  case  tractions  are  continuous  across  all  material  boundaries,  and  the 
material  everywhere  is  still  essentially  the  same. 

On  the  other  hand,  other  factors  that  affect  volume  changes,  such  as 
point  defects  or  order/disorder  transitions  are  not  so  easily  accommodated. 
Equation  (1)  also  shows  that  there  is  unlikely  to  be  a  linear  relation  between 
volume  change  and  stored  energy  since  the  three  ratios  R^,  Rg,  and  Rg^  need 

not  be  fixed,  but  may  change  during  deformation  or  annealing.  The  formula 
does  supply  bounds,  however,  as  has  been  pointed  out  in  Toupin  and  Rivlin1, 
since  R  +  Rg  +  Rg^  =  1. 


II.  COMPARISONS  MADE  FROM  EXISTING  DATA 

To  test  the  validity  of  the  formula  it  is  necessary  to  make  independent 
measurement  of  the  stored  energy  of  plastic  deformation  and  the  corresponding 
density  change,  and  to  have  available  the  appropriate  second  order  elastic 
moduli  and  either  the  pressure  derivatives  of  those  moduli  or  the  third  order 
moduli  from  which  the  pressure  derivatives  may  be  calculated. 

The  stored  energy  of  cold  work  has  been  a  topic  of  considerable  interest 
to  metallurgists  for  some  time,  e.g.,  see  Bever,  Holt  and  Titchener1*,  but  of 


4 M .  B.  Bever,  D.  L.  Holt >  and  A.  L.  Titohener  (1973) 3  "The  Stored  Energy  of 
Cold  Work , "  Prog.  Mat .  Soi.  17. 
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all  the  work  that  has  been  done  only  that  by  Clarebrough  and  co-workers5 5 8,7 j8 
seems  to  have  included  both  stored  energy  and  density  change  for  the  same 
materials.  Data  exist  for  Ag,  Au,  Cu,  and  Ni.  Second  and  third  order  elastic 
moduli,  as  well  as  pressure  derivatives  of  second  order  moduli,  exist  for 
those  same  materials  and  also  for  many  other  metals,  alloys,  and  compounds 
(Hearman3) . 

In  dimensionless  terms.  Table  I  compares  measured  values  of  the  left  hand 
side  of  eqn.  (1)  with  computed  values  of  the  terms  in  parentheses  on  the  right 
hand  side  of  eqn.  (1) .  Measured  values  of  stored  energy  and  density  change 
are  taken  from  the  work  of  Clarebrough,  et  al.5 6 7 8’6,7,8,  and  computed  values  are 
calculated  from  data  listed  in  Hearman3. 


TABLE  I 


COMPARISON  OF  CALCULATED  AND  MEASURED  TERMS  IN  EQUATION  (1) 


Calculated  Values 

Measured 

Remarks 

3k  , 

i  ill  _  i 
y  3P 

k  3v_  _  , 
v  3p 

*v/vo 

3P  '  1 

/WdV  /V 
o  o 

Ag 

4.82 

3.12 

4.20 

3.72 

e  =  0.75,  compression 

Au 

5.22 

3.64 

7.75 

6.70 

e  =  0.75,  compression 

Cu 

4.34 

2.14 

3.63 

3.52 

£  =  0.3,  compression 

3.96 

£  =  0.55,  compression 

4.79 

£  =  0.70,  compression 

Ni 

4.14 

1.32 

3.54 

3.71 

nd/£  =  1.41,  torsion 

3.78 

nd/£  =  2.46,  torsion 

5L.  M.  Clarebrough,  M.  E.  Hargreaves,  and  G.  W.  West  (1955),  "The  Release  of 
Energy  During  Annealing  of  Deformed  Metals,  "  Proa .  f?oi/.  Soc_.  Land.  A  932,  252. 

6L.  M.  Clarebrough,  M.  E.  Hargreaves,  and  G.  W.  West  (1956),  "Density  Changes 
During  the  Annealing  of  Deformed  Nickel,"  Phil.  Mag_.  1,  528. 

7L.  M.  Clarebrough,  M.  E.  Hargreaves,  and  G.  W.  West  (1957),  "The  Density  of 
Dislocations  In  Compressed  Copper,"  Acta  Met.  5,  738. 

8L.  M.  Clarebrough,  M.  E.  Hargreaves,  and  M.  H.  Loretto  (1962),  "Electrical 
Resistivity  of  Dislocations  In  Face-Centered  Cubic  Metals,  "  Phil.  Mag_ .  7 ,  115. 
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III.  DISCUSSION 


In  every  case,  except  for  Cu  at  the  highest  level  of  strain,  the  measured 
value  of  volume  change  per  unit  of  stored  energy  falls  well  within  the  bounds 
calculated  from  elastic  moduli  and  pressure  coefficients.  Thus,  it  would 
appear  that  the  actual  volume  change  that  occurs  during  plastic  deformation  of 
a  metal  depends  to  a  considerable  extent  on  the  amount  of  plastic  work  which 
is  actually  stored  as  cold  work.  The  amount  stored  depends  in  turn  on  the 
amount  of  plastic  work  done  on  the  material  and  the  percentage  stored. 

In  view  of  the  preceding  comments,  high  strength,  fine  grained  alloys 
should  be  likely  candidates  to  show  a  pronounced  volume  change  under  plastic 
deformation  since  high  strength  requires  more  plastic  work  for  a  given  strain 
increment,  and  small  grain  size  and  the  presence  of  alloying  elements  tend  to 
block  the  motion  of  dislocations  hence  promoting  higher  densities  of  disloca¬ 
tions  and  a  higher  percentage  of  cold  work  stored.  Unfortunately,  there  are 
few  reliable  data  in  the  literature  on  plastic  volume  change  for  high  strength 
alloys  (see  Reference  9)  ,  and  none  for  either  large  strains  or  for  which 
stored  energy  has  also  been  measured.  In  fact,  stored  energy  measurements  on 
heat  treatable  alloys  seem  to  be  almost  totally  lacking,  Bever,  et  al4. 

Table  II  lists  six  other  cubic  metals  for  which  data  on  elastic  constants 
and  pressure  coefficients  are  available  from  Hearman3,  but  for  which  no  reli¬ 
able  data  seem  to  exist  for  both  density  change  and  stored  energy  from  plastic 
deformation.  Where  multiple  values  were  given,  simple  averages  have  been  used 
There  appears  to  be  considerable  variation  in  the  data,  but  the  sample  sizes 
are  small  so  no  attempt  has  been  made  to  estimate  overall  error  bands. 


TABLE  II 

CALCULATED  VALUES  FOR  OTHER  METALS 


8k  , 

ap 

k.  ap.  _  i 

v  ap 

k  8v 

v  8p 

A& 

4.46 

4.52 

9.91 

Fe 

4.62 

2.82 

2.67 

Ge 

3.70 

-0.36 

1.80 

Pb 

4.43 

2.79 

5.75 

Nb 

4.40 

1.85 

3.09 

Ta 

2.44 

2.66 

-0.95 

90.  Richmond  and  W.  A .  Spitzig  (1980),  "Pressure  Dependence  and  Dilitancy  of 
Plastic  Flow,  "  Proceedings  of  the  XV  International  Congress  of  Theoretical 
and  Applied  Mechanics ,  F.  P.  J.  Rimrott  and  B.  Tabccrrok  (Ed.),  Forth  Holland, 
Hew  York . 
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Because  of  its  low  bulk  modulus  (about  77  GPa)  and  its  high  pressure 
coefficients,  as  shown  in  Table  II,  A5,  should  show  a  relatively  large  plastic 
volume  change.  Conversely,  because  of  high  bulk  modulus  (about  191  GPa)  and 
low  coefficients  in  Table  II,  Ta  should  show  a  relatively  small  plastic  volume 
change . 

It  would  seem  that  further  experimental  investigation  of  the  relationship 
between  plastic  deformation  and  volume  change  is  called  for.  In  the  mathemat¬ 
ical  theory  of  plasticity  it  is  usually  assumed  that  there  is  no  plastic  volume 
change,  but  there  has  been  no  systematic  exploration  of  the  issue.  Because 
actual  relative  volume  changes  are  small,  they  are  difficult  to  measure,  but 
given  their  fundamental  importance  for  the  theory  of  plastic  deformation,  the 
effort  required  should  be  well  worthwhile. 
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Technology  Center 
ATTN:  CRDABH-5,  W.  Loomis 
P.  0.  Box  1500 
Huntsville,  AL  35804 

3  Commander 

US  Army  Materials  and  Mechanics 
Research  Center 
ATTN:  DRXMR-T,  J.  Mescal  1 
DRXMR-T,  R.  Shea 
DRXMR-H,  S.  C.  Chou 
Watertown,  MA  02172 

5  Commander 

US  Army  Research  Office 
ATTN:  Dr.  Hermann  Robl 
Dr.  E.  Saibel 
Dr.  George  Mayer 
Dr.  F.  Smiedeshoff 
Dr.  J.  Chandra 
P.  0.  Box  12211 

Research  Triangle  Park,  NC  27709 

2  Commander 
US  Army  Research  and 

Standardization  Group  (Europe} 
ATTN:  Dr.  B.  Steverding 
Dr.  F.  Rothwarf 

Box  65 

FPO  NY  09510 

1  Chief  of  Naval  Research 
Department  of  the  Navy 
ATTN:  Code  402 
Washington,  DC  20360 
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3  Commander 

US  Naval  Air  Systems  Command 
ATTN:  AIR -60 4 
Washington,  DC  20360 

1  Commander 

Naval  Sea  Systems  Command 
Washington,  DC  20362 

3  Commander 

Naval  Surface  Weapons  Center 
ATTN:  Dr.  W.  H.  Holt 

Dr.  W.  Mock 
Tech  Lib 

Dahlgren,  VA  22448 

2  Commander 

Naval  Surface  Weapons  Center 
ATTN:  Dr.  Robert  Crowe 
Tech  Lib 

Silver  Spring,  MD  20910 

1  Commander  and  Director 

US  Naval  Electronics  Laboratory 

ATTN :  Lib 

San  Diego,  CA  92152 

3  Commander 

US  Naval  Research  Laboratory 
ATTN:  Code  5270,  F.  MacDonald 
Code  2020,  Tech  Lib 
Code  7786,  J.  Baker 
Washington,  DC  20375 

7  Commander 

Naval  Research  Laboratory 
Engineering  Materials  Division 
ATTN:  E.  A.  Lange 

G.  R.  Yoder 
C.  A.  Griffis 
R.  J.  Goode 
R.  W.  Judy,  Jr. 

A.  M.  Sullivan 
T.  W.  Crooker 
Washington,  DC  20375 
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3  Air  Force  Armament  Laboratory 
ATTN:  Guy  Spitale 

John  Collins 
Joe  Smith 

Eglin  AFB,  FL  32542 

1  RADC  ( EMTLD ,  Lib) 

Griffiss  AFB,  NY  13440 

1  AUL  (3T-AUL-60-118) 

Maxwell  AFB,  AL  36112 

2  Air  Force  Wright  Aeronautical 

Laboratories 

Air  Force  Systems  Command 
Materials  Laboratory 
ATTN:  Dr.  Theodore  Nicholas 

Dr.  John  P.  Henderson 
Wright -Patterson  AFB,  OH  45433 

1  Director 

Environmental  Science  Service 
Administration 
US  Department  of  Commerce 
Boulder,  CO  80302 

1  Director 

Lawrence  Livermore  Laboratory 
ATTN:  Dr.  M.  L.  Wilkins 
P.  0.  Box  808 
Livermore,  CA  94550 

4  Sandia  Laboratories 
ATTN:  Dr.  L.  Davison 

Dr.  P.  Chen 
Dr.  L.  Bertholf 
Dr.  W.  Herrmann 
Albuquerque,  NM  87115 

1  Director 

Jet  Propulsion  Laboratory 
ATTN:  Lib  (TDS) 

4800  Oak  Grove  Drive 
Pasadena,  CA  91103 
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1  Director 

National  Aeronautics  and 
Space  Administration 
Lyndon  B.  Johnson  Space  Center 
ATTN:  Lib 
Houston,  TX  77058 

1  Honeywell,  Inc. 

Defense  Systems  Division 
ATTN:  Dr.  Gordon  Johnson 
600  Second  Street,  NE 
Hopkins,  MN  55343 

1  IBM  Watson  Research  Center 
ATTN:  R.  A.  Toupin 
Poughkeepsie,  NY  12601 

2  Orlando  Technology,  Inc. 

ATTN:  Dr.  Daniel  Matuska 

Dr.  John  J.  Osborn 
P.  0.  Box  855 
Shalimar,  FL  32579 

6  SRI  International 

ATTN:  Dr.  George  R.  Abrahamson 
Dr.  Donald  R.  Curran 
Dr.  Donald  A.  Shockey 
Dr.  Lynn  Seaman 
Mr .  D .  Erl ich 

Dr.  R.  Caligiuri 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

1  Terra  Tek,  Inc. 

ATTN:  Dr.  Arfon  Jones 
420  Wakara  Way 
University  Research  Park 
Salt  Lake  City,  UT  84108 

3  California  Institute  of 

Technology 

Division  of  Engineering  and 
Applied  Science 
ATTN:  Dr.  J.  Mikowitz 
Dr.  E.  Sternberg 
Dr.  J.  Knowles 
Pasadena,  CA  91102 
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2  Southwest  Research  Institute 

Department  of  Mechanical  Sciences 
ATTN:  Dr.  U.  Lindholm 
Dr.  W.  Baker 
8500  Culebra  Road 
San  Antonio,  TX  78228 

1  Rensselaer  Polytechnic  Institute 
ATTN:  Prof.  E.  H.  Lee 
Troy,  NY  12181 

1  Brown  University 

Division  of  Applied  Mathematics 
ATTN:  Prof.  C.  Dafermos 
Providence,  RI  02912 

7  Brown  University 

Division  of  Engineering 
ATTN:  Prof.  R.  Clifton 
Prof.  H.  Kolsky 
Prof.  A.  Pipkin 
Prof.  L.  B.  Freund 
Prof.  A.  Needleman 
Prof.  R.  Asaro 
Prof.  R.  James 
Providence,  RI  02912 

2  Carnegie  Mellon  University 
Department  of  Mathematics 
ATTN :  Dr .  D .  Owen 

Dr.  M.  E.  Gurtin 
Pittsburgh,  PA  15213 

2  Catholic  University  of  America 
School  of  Engineering  and 
Architecture 
ATTN:  Prof.  A.  Durelli 
Prof.  J.  McCoy 
Washington,  DC  20017 
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1  Harvard  University 
Division  of  Engineering  and 

Applied  Physics 
ATTN:  Prof.  J.  R.  Rice 

Cambridge,  MA  02139 

2  Iowa  State  University 
Engineering  Research  Laboratory 
ATTN:  Dr.  G.  Nariboli 

Dr.  A.  Sedov 
Ames,  IA  50010 

2  Lehigh  University 

Center  for  the  Application 
of  Mathematics 
ATTN:  Dr.  E.  Varley 
Dr.  R.  Rivlin 
Bethlehem,  PA  18015 

1  New  York  University 

Department  of  Mathematics 
ATTN:  Dr.  J.  Keller 
University  Heights 
New  York,  NY  10053 

1  North  Carolina  State  University 
Department  of  Civil  Engineering 
ATTN:  Prof.  Y.  Horie 
Raleigh,  NC  27607 

1  Pennsylvania  State  University 
Engineering  Mechanical  Dept. 
ATTN:  Prof.  N.  Davids 
University  Park,  PA  16502 

2  Forrestal  Research  Center 
Aeronautical  Engineering  Lab. 
Princeton  University 

ATTN:  Dr.  S.  Lam 

Dr.  A.  Er ingen 
Princeton,  NJ  08540 

1  Rensselaer  Polytechnic  Institute 
Department  of  Mechanical 
Engineering 

ATTN:  Prof.  E.  Krempl 

Troy,  NY  12181 


2  Rice  University 

ATTN:  Dr.  R.  Bowen 

Dr.  C.  C.  Wang 
P.  0.  Box  1892 
Houston,  TX  77001 

1  Southern  Methodist  University 
Solid  Mechanics  Division 
ATTN:  Prof.  H.  Watson 
Dallas,  TX  75222 

1  Temple  University 

College  of  Engineering  Technology 
ATTN:  Dr.  R.  M.  Haythornth waite, 
Dean 

Philadelphia,  PA  19122 

2  Falcon  Research  §  Development  Co. 
696  Fairmount  Ave. 

Baltimore,  MD  21204 


1  Tulane  University 

Dept  of  Mechanical  Engineering 
ATTN:  Dr.  S.  Cowin 
New  Orleans,  LA  70112 

2  University  of  California 
ATTN:  Dr.  M.  Carroll 

Dr.  P.  Naghdi 
Berkeley,  CA  94720 

1  University  of  California 
Dept  of  Aerospace  and 

Mechanical  Engineering  Science 
ATTN:  Dr.  Y.  C.  Fung 
P.  0.  Box  109 
La  Jolla,  CA  92037 

1  University  of  California 
Department  of  Mechanics 
ATTN:  Dr.  R.  Stern 
504  Hilgard  Avenue 
Los  Angeles,  CA  90024 
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1  University  of  California  at 
Los  Angeles 

Department  of  Mechanics 
ATTN:  W.  Goldsmith 
Los  Angeles,  CA  90024 

1  University  of  California  at 
Santa  Barbara 

Dept,  of  Mechanical  Engineering 
ATTN:  Prof.  T.  P.  Mitchel 
Santa  Barbara,  CA  93106 

1  University  of  Delaware 

Dept,  of  Mechanical  Engineering 
ATTN:  Prof.  J.  Vinson 
Newark,  DE  19711 

1  University  of  Delaware 

Dept,  of  Mecahnical  and  Aerospace 
Engineering 

ATTN:  Dr.  Minoru  Taya 
Newark,  DE  19711 


2  Yale  University 

ATTN:  Dr.  B.  T.  Chu 
Dr .  E .  Onat 
400  Temple  Street 
New  Haven,  CT  06520 


2  University  of  Houston 
Department  of  Mechanical 
Engineering 
ATTN:  Dr.  T.  Wheeler 

Dr.  R.  Nach linger 
Houston,  TX  77004 

1  University  of  Illinois 

Dept,  of  Theoretical  and  Applied 
Mechanics 

ATTN:  Dr.  D.  Carlson 
Urbana,  IL  61801 

1  University  of  Illinois 
ATTN :  Dean  D .  Drucker 
Urbana,  IL  61801 


1  University  of  Illinois 

at  Chicago  Circle 
College  of  Engineering 
Dept,  of  Materials  Engineering 
ATTN:  Dr.  T.  C.  T.  Ting 
P.  0.  Box  4348 
Chicago,  IL  60680 

2  University  of  Kentucky 

Dept,  of  Engineering  Mechanics 
ATTN:  Dr.  M.  Beatty 

Prof.  0.  Dillon,  Jr. 
Lexington,  KY  40506 

1  University  of  Maryland 
Department  of  Mathematics 
ATTN :  Prof .  S .  Antman 
College  Park,  MD  20742 

1  University  of  Minnesota 

Dept,  of  Aerospace  Engineering 
and  Mechanics 

ATTN:  Prof.  J.  L.  Ericks en 
107  Akerman  Hall 
Minneapolis,  MN  55455 

1  University  of  Pennsylvania 
Towne  School  of  Civil  and 
Mechanical  Engineering 
ATTN:  Prof.  Z.  Hash in 
Philadelphia,  PA  19104 

3  University  of  Texas 
Department  of  Engineering 

Mechanics 

ATTN:  Dr.  M.  Stern 

Dr.  M.  Bedford 
Prof.  Ripperger 
Austin,  TX  78712 

1  University  of  Washington 
Dept,  of  Aeronautics  and 
Astronautics 
ATTN :  Dr .  Ian  M .  Fyf e 
206  Guggenhaim  Hall 
Seattle,  WA  98195 
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2  Washington  State  University 
Department  of  Physics 
ATTN:  R.  Fowles 
G .  Duva 1 1 

Pullman,  WA  99164 


Aberdeen  Proving  Ground 
Dir,  US AMS A A 
ATTN:  DRXSY-D 

DRXSY-MP,  H.  Cohen 
Cdr ,  USATECOM 

ATTN:  DRSTE-TO-F 
Dir,  USACSL,  Bldg.  E3516,  EA 
ATTN:  DRDAR-CLB-PA 
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USER  EVALUATION  OF  REPORT 


Please  take  a  few  minutes  to  answer  the  questions  below;  tear  out 
this  sheet,  fold  as  indicated,  staple  or  tape  closed,  and  place 
in  the  mail.  Your  comments  will  provide  us  with  information  for 
improving  future  reports. 

1 .  BRL  Report  Number _ 

2.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related 
project,  or  other  area  of  interest  for  which  report  will  be  used.) 


3.  How,  specifically,  is  the  report  being  used?  (Information 
source,  design  data  or  procedure,  management  procedure,  source  of 
ideas,  etc.) _ 


4.  Has  the  information  in  this  report  led  to  any  quantitative 
savings  as  far  as  man-hours/contract  dollars  saved,  operating  costs 
avoided,  efficiencies  achieved,  etc.?  If  so,  please  elaborate. 


5.  General  Comments  (Indicate  what  you  think  should  be  changed  to 
make  this  report  and  future  reports  of  this  type  more  responsive 
to  your  needs,  more  usable,  improve  readability,  etc.) 


6.  If  you  would  like  to  be  contacted  by  the  personnel  who  prepared 
this  report  to  raise  specific  questions  or  discuss  the  topic, 
please  fill  in  the  following  information. 

Name : 


Telephone  Number: 
Organization  Address: 


